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ABSTRACT 

^ software package is dcscrilDed that collects and 
reduces eye behavior data (eye position and pupil size) using an 
IBM-PC compatible computer, written in C language for speed and 
portability, it includes several features: (1) data ccn be 
simultaneously collected from other sources (such as 
electroencephalography aM electromyography); (2) logically defined 
events can be detected in real time on any data channel; and (3) 
either of two types of data matrix can be produced. Data reduction 
algorithms and data structures are described. (Five tables of data 
describing aspects of the software package are included.) 
(Author/RS) 



********************** k ************************************ ********* 

* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 



4 



S CENTER FOR THE STUDY OF READING 

O A READING RESEARCH AND EDUCATION CENTER REPORT 

O 

O 

^ Technical Report No. 434 

A MICROCOMPUTER-BASED SOFTWARE 
PACKAGE FOR EVE MONITORING RESEARCH 

George W. McConUe, Charles W. Scouten, 
Patrick K. Bryant, & Jeny IL Wilson 

University of Illinois at Urbana-Champaign 

August 1988 



University of Illinois at Urbana-Champaign 
51 Gerty Drive 
Champaign, Illinois 61820 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC)." 



r* ?*''*"TMCNTOf COUCATfON 

Office o« Educationu n«March and Improvement 

EDUCATtONAL RESOURCES INFORMATION 
CENTER (ERIC) 

□ Thu document has been reproduced at 
rec«iv«d from the person or organization 
originattng »l 

□ Minor changes f»«we been mad« to improve 
reproduction quality 



Points of view or opinions stated in this docu 
ment do not necessarily represent ottiCial 
OERI position or policy 




The work upon which this publication was based was supported in part the 
Office of Educational Research and Improvement under Cooperative Agreement 
No. OEG 0087^1001 » The publication does not necessarily refle;;t the views of the 
agenqr supporting the researclh 



BEST COPY WWLABLE 



M cCocIde^ Scouten, Bryant, & >^Isoii 



Eye Monitoring Software - 1 



Abstract 

A software package is described that collects and reduces eye behavior data (eye position and pupil 
size) using an IBM-PC compatible computer. Written m the C language for speed and portability, it 
includes several unique features: Data can be simultaneously collected from other sources (i.e., EEG, 
EMG), logically defined events can be detected m real time on any data channel, and either of two 
types of data matrix can be produced. Data reduction algorithms and data structures are described. 
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A MICROCOMPUIER-BASED SOFTIVARE PACKAGE 
FOR EYE MONITORING RESEARCH^ 



The monitoring of eye behavior, including eye position and pupU size data, has proven to be useful in 
stiufying issues in a number of different fields, including reading (Rayner, 1983), mu^c reading 
(Sloboda, 1978), X-ray examination (Nodine & Kundel, 1987), map design (Antes, Chang, & Mullis, 
196S), mathematics education (Siq>pes, Ccdien, Laddaga, AnUker, & Floyd, 1962), chess (Chase & 
Simon, 1973), art and design (Lodncff & NocUne, 1987), mental load (Kedmeman & Beatty, 1966), 
emotional response (Hess, 1972), and oculomotor control (Zuber, 1981). Almost any area of research 
that invdives the acquisition and use ot visualfy-presented information, of in vAddh there are changes in 
emotional response or arousal, can benefit fircMD the recordmg of eye positi 

The upsurge in interest m monitoring the eyes has stimulated the development ot new devices for 
monitoring eye behavior. However, a major factor that has held back a more widespread use of eye 
momtOTng has been the amount of scrfitware development required before research is possible. Each 
laborat(^ typicaify writes the software necessary to collect and reduce data with the particular 
equipment configuration being used. 

Recent widespread acceptance ot the IBM-initiated standard among personal computers, together ^th 
the continualfy-inaeasing speed oi compters of this family, suggests the appropriateness of developing 
a set (tf application prosrams for this computer family that can be used vidth a variety ol eye behavior 
momtmng devices. The jHres^ P^pcr describes a set ctf programs that has been developed specifically 
for the Stoeltmg Wide Angle Eye Movement Tracker and TV Puinllometer System, but that is 
compatible with other eye monitoring equipment, as well. 

Some Basic Concepts 

The Stoelting Tracker/Pupillomcter is a device that monitors the eyes by means of a video camera, and 
contains hardware that processes each video fi'ame to determine the size and location of the pupil. 
Thus, it samples eye position 60 times per second and gives as output three digital values: 7-bits for 
horizontal and vertical eye position, and 8-lnts for pupil size. In addition, it has a field-of-view camera 
that allows the stimulus field to be displayed on a monitor, mth a fixation spot that moves in response 
to movements of the eyes. In these respects the equipment is quite similar to video-camera based eye 
monitoring equipment produced by other companies and is distinguished primarily by a relatively low 
price. 

Each of the different types of eye monitoring devices currently availaMe has strengths and weaknesses 
(Y oung & Sheena, 1975). ^eo-camera based equipment tends to be relatwely easy to use, gives an 
indication of both horizontal and vertical eye po^on, typically produces pupil size information as well 
as eye position, and typically provides output showing the direction of gaze superimposed on a 
tele^on image of the stimulus field. At the same tune, most equipment of this type has a relatively 
slow sampling rate (le., 60 samples per second), accuracy of onfy about 1 deg of visual angle, and a 
noise level that prevents the reliable detection of small eye movements. Furthermore, there are 
occasionally artifacts in the signal that result fi'om blinks or failures in the puj:*' tracking algorithms 
that may not reflect actual eye movement or pupil size changes. These characteristics make it 
impossiUe for equifmient of this type to give a precise spedfidatim oi the fine^gramed characteristics 
oS eye movements. For example, v^ samples taken onfy every 16 msec it is not possible to specify the 
predse time at vrfiich a 30 msec saccadic eye movement began and ended, nor to describe its dynamic 
characteristics. Also, ^9fbBl appears to be a single eye fixation in the data may actually be a series of eye 
fixatbns separated by short saccades. However, unce most types ot research can be carried out 
without a higher degree of precision, the equipment is quite adequate for many purposes. 
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In developing software fot video-cameri'based equipment, it is necessary to deal with the problems of 
muse and indeterminacy m the data and to provide the researcher with as much information as possible 
about the eyes' behavicM* without Calsety interpreting noise and artifacts as eye movements. The effects 
of the dioice of values for parameters in the reduction q{ noisy eye movement data has been vividly 
described by Karsh and Brdtenbach (1983). The goal of the present devek^ent was to deal with the 
problems posed by video-camera based eye movement data m a way that maximized the valid 
informatiott available and at the same tune would handle appropriatdy the ugnal characteristics of 
other types of cyt mcmitcving devices. These mdude devices sam[^ing at other rates, and with other 
noise levels and characteristics. The data collection software has the flexibility to odlect data from a 
variety of Input Ports on the computer, depending upon the hardware configuratim of the system. The 
data reducticm software has a number of parameters that allow it to be *tuned" to properly handle eye 
movement data having different characteristics. Finally, diagnoitfic informatimi is provided in the data 
matrix to indicate places m the data where ndse diaracteristics are such that the validity of dedsions 
being made is lower than normal In this way, the mcM'e questionable data can be exduded from use in 
data anafysis if desired 

When eye position is monitored by a tracking device that samples very rapidly (le., ever' msec) and 
with low noise levels, there is seldom a question about Aether a saccade occurred: Indeterminacy in 
v^en it began and ended is withm a rangp (rf a few msec While the software described here can 
collect and reduce data in which fixations and saccades are always dearly specified, we will discuss in 
this article the most di£Bcult case vriiere there is greater indetermina^. In this latter case, it is not 
apprc^yriate to speak ot fixaticms and saccades, ance these cannot be determined precisely. Rather, we 
^ speak of a gaze, vMdn can be defined as the period of time between the onset of one stable perioc 
in the eye movement data and the next stable period in which the eyes are directed toward a new 
location. Each gaze by definitira has an initial stable period. The gaze may also have a period at the 
end that is not stable but that shows a transition toward the next gaze location. The amount of 
variability in the data that is still dasufied a» "^stable," and the amount of change in gaze location that is 
required m order to reliaUy detect the ftict that the ^es have shifted to a new gaze location, are 
controlled by parameters in the program. 

The Compiiter Programs 

The eye monitoring software package presently consists of four programs: one i jr data collection, two 
for data reduction, and one that allows the user to modify calibration values in the data file. They run 
on IBM compatibte personal computers with 2S6K of memory and a hard disk. 

The programs are written primarily in the Miaosoft C language using the Nfiaosoft C compiler to 
achieve both speed and portability. However, this language choice presented certain problems that are 
discussed below. Flexibility is achieved through parameter files that specify a number of the programs' 
internal characteristics. 

Data Collection Program 

The Data Collection Program is designed to collect eye position and pupil size data, as well as data of 
other kinds, induding button presses and analog data of any type. Up to eight 16-bit Input Ports can be 
recorded. The rate of sampling is determined extemalfy. The program samples on the leading edge of 
a positive-going pulse that is generated by the eye monitoring device or produced by a dock. The 
program also aUows the user to display stimulus patterns on the computer screen, advancing pages with 
key or button presses, or to use external displays such as by slide prqjectcM* or physical placement of 
photographs in the field of view. 

The Data Collection Program is run by giving its name, plus the names of three files: a Parameter Fde, 
a Display Control File, and a Data Fde. The Parameter and Display Control files are ASCII files that 
can be prepared and modified using any text editor capable of producing pure ASCII output. One 
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additional file is required containing the hardware initialization code. This file is used to establish 
communication between the craiputer and the eye monitoring equipment. For an interface, we 
current^ use the Qua Tech PXB-721 Parallel E3q>ansion Board, for which A/D modules sure also 
availaUe for monit(Hing analog signals. If different equipment is used, then this file can be altered to 
reflect the characteristics ci the eqmpment. 

Up(m being run, the Data Collection Program requests the subject's name and identification number, 
and an experimental condition number. All are necessary parameters but shdl scripts (Le., DOS Batch 
files) can be written that autcmiatically specify some of these parameters. This {vocedure reduces the 
Ukclihood of eiqierimenter errcNr. 

The parameters that are contained in the Parameter File are listed m Table 1. These parameters 
define the hardware envuronment, the channels on vMch data are to be cdlected, and mformation to 
be used in the calibration process. This file is read and the par neters inv^ed as part of the 
initialization process each time the program is run. 

[Inacrl Table 1 about here.] 

The Display Qmtrol File defines the sequence of events that are to occur in the experiment. By means 
of a series oi dot conunands, shown m Table 2, displays can be put onto the saeen, data coOection 
channels ^ be enaUed and disaUed, and calibrations can be taken as deared. Alphanumeric display 
pages can be included in the Display Control File, and can use the IBM extended character set, thus 
giving some limited graphics capability. 

[Insert Table 2 about here.] 

The Data Collection Prc^'am omtains a calibration procedure >^ch, vrfien called in the Internal 
Display Mode (e.g*, using the computer screen to display stimulus material), displays a grid of Xs on 
the computer screen at locations defined in the Parameter File. The color of each X is modified, in 
sequence, as a signal for the subject to fixate that point and press a or button. When the k^ is 
pressed, the computer samples die eye data values, saving the values in a calibration table. This is 
repeated for each location, and the values obtained are compared with the prior values. If rye position 
values deviate by more than the X or Y Calibration Threshold values spedfied in the Parameter File, 
additional samples are taken from that k>cation. This sampling continues until two successive samples 
have been taken from each location that fall within the threshold values specified or until the 
e^rimenter manually exits the calibration procedure. This calibraticm procedure can be repeated at 
any time during the data cdlection process. 

When the Data CoOection Program is initially called, a nine-point matrix of digits appears on the 
screen while the eiq)erimenter adjusts the eye monitoring equipment During this time, the values of 
data channels that are defined as eye position and pupil size &i« displayed continuously on the bottom 
of the computer t»creen. Also, during this time the computer identifies the range of values obtained 
from the pup'J size channel, if available. Thresholds then are calculated for later use in identifying 
blinks. A Kq^board conunand n^ advances the p^^ogram to the actual data ccAection procedures, 
where calibrations and data collection can occur. 

In the Data File that is produced by the Data Collection Program, the first 2048 bytes are used to store 
complete information about the data coDection sesskm (see Table 3), including data from each 
occurrence oS the calibration task. FoUomig this, a data record of variable length is created to contain 
the data collected during each display. This record indicates the channels on which data were coDected 
during that display, an experimental condition identifier for that display, and the actual data which 
consists of a two-byte mteg^ per sample for each channel 



(Insert Table 3 about here.] 
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Oi^ additional feature of the Data CcXkc&m Program is the ability to detect Events and to take action 
when they occur. An Event is the occurrence of a logical ccmdition in the data coming froni a specified 
data channel An Event is defined by an identifying title, a channel number, a threshold value, and a 
logical amdition,induding equal, not eqiud, greater than, less th^ Each 
defined Event is tested fis eadi data sample is taken. If an Event tests as ^true" then immediate action 
can be taken. Up to four Events can be qiedfied. At present, this feafure is used to respond to the 
press €3t buttons on one of the data channels, which allows the system to advance the display or to 
sunpiy record a subject's resprase. However, this feature provides the baas for a large number of 
potential reqxmse-contingcnt stimulus manipulations, espedalty since the Events can be defined on 
channels other than the eye behavior channels. More detail concerning the techniques used to allow a 
C bmguage program to deal with real-time Events is presented below. 

Data Redaction Programs 

Two data reduction programs have been developed. One program is for situations v^re the primary 
interest is in eye position data that are erf a sao^de-fixation type, and ^he other is for situations where 
the interest is in non-saccade data, such as pursuit eye movements, pupil size, or EEC. The first 
program, the Gaze-CMiented Reduction Program, p-oduces a matrix in v^dch each data row 
corresponds to 9 yaz ot fixati(m*saccade pair. The second program, the Stream Data Reduction 
Program, is for use ixdien the data cannot appropriately be partiticmed into gaze segments. This 
program produces a row m the data matrix lot every data samide taken. However, if eye position data 
were collected, then the matrix can include columns indicating eye po^on, the state of the eyes (Le., 
stable or in transition), and when gazes begm and end. 

Gaxe-orienled Data RtdoctloB PiroirBm. Table 4 contams definiticms and parameters used in the 
Gaze-<mented Data Reducticm Program, and Tabic 5 presents the general algorithm used in 
identifying gazes. The algorithm identifies periods of stalnlity in the data, then examines 
instability lying between them, attempting ko resoNe them as eitner periods of noise in the data or 
transition periods (Le., eye movements takmg the eyes to a new location). If the period of instability 
has characteristics that make it mappropriate to interpret in either of these simple vrays, then a 
complex transition analysis is carried out that attempts to break the period into additional gazes using 
recursion with new parameters. The program produces an ASCII data matrix that contains a row of 
data for each identified gaze. The columns in the matrix are listed in Table 6. The matrix is in a form 
typically used with statistical programs and contains information about the location and duration of 
each gaze, the duration of the stable part of the gaze, and indications of data quality such as the percent 
of samples with non-aberrant values, amount of drift during the stable part of a gaze (a possible 
indicator of small, undetected saccades), and abnormal puinl size (an indicator of a blink). 

(Insert Tables 4, 5 and 6 about here.] 

Once a gaze has been identified, averages of the stable X and \ channel values are calculated. These 
averages ore used to detmnine where the eyes were directed in the stimulus display during that gaze. 
The algorithm used in this mapping process produces a solution »milar to that of the linear 
interpolation procedure suggested by McConkie, Wohrerton, Zola, and Bums (1978), but in fact 
accomplishes this goal using recursicm. 

The mapping algorithm first divides the stimulus space into quadran^es, based on the bcations of the 
grid of target locaticms used in the calibration tadc. The algorithm assigns to each calibration target 
location dther the X and Y channel values obtained during the last calibration prior to the display, the 
first calibration foUowing it, or an average of the values obtamed on these two calibrations. The 
algorithm then takes the average location of the eyes during the stable part of the first gaze and 
identifies the quadrangle within which it lies. Two lines are then identified that bisect opposing sides of 
the quadrangle and that di^de it mto four smaller quadran^es. Again, ^he algorithm identifies which 
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of these quadrang^ contains the gaze location. This process continues until the gaze location is within 
a qiedfied distance of one of the corners of a quadrangle, at iriiich pmit that comer is taken as the 
gaze location. Smoe the algorithm knows the c(MTe8pon<Ung location of that comer in the stimulus 
fieki, the mapping of the data point onto a stimulus location is complete and the stimulus-based gaze 
location is entered into the matrii. The di&tance threshoM used m this process is a parameter m the 
program. The gaze locaticm, together with the distance and direction of thi^ gaze from prior and 
fdlowing gazes, are entered into the data matrix. 

Special provisions are made in the program to handle a case ^re a gaze location lies outside the 
region m ^Mdk calibration targets were used. This is done by extending the nearest quadrangle to 
mdude the data pcnnt, estimating X and Y values correspondmg to the new comers, and then using the 
normal nuq^nog algK^ithm to estimate the location of the gaze on the stimulus. 

If an Event occurred during a gaze, the matrix also contains informatim about yMch Event occurred 
and the time of its occurrence. This can be used to record response times and/or response selection if 
each Event defined is the press of a particular button. 

The Gaze-oriented Data Reductimi program also puts summary information concerning data from 
non-eye-positicm channels into the data matrix, including mean value on that channel during the eye 
fixation, as well as an indicatim of the direction and amount of chaqge during the gaze period Finalfy, 
the sample number of the first data sample in the gaze is included. This number provides a pointer 
bom the gaze-based matrix into the original data matrix. Thus, it is possible to write programs that 
select the data cdlected on some non-eye-movtment channel, starting with the onset of a particular 
gaze or Event 

Stream Data Redudiw nmgnun. When the researcher's interest is primarily in changes in pupil size 
or some other contmuous data sudi as EEG or smooth pursuit eye movement data, the data matrix for 
analysis is prepared usmg the Stream Data Reduction Program. This program creates an ASCII matrix 
having one row for each sample taken* Subject and condition columns are added to the data. If eye 
position Las also been recorded, then cdumns can be created that indicate for each sample nAether it 
occurred during a period of stability or transition, how many samples have been taken since the 
beginning of tiie gaze, ^ere the cyc$ were directed during tiiat gaze, and whetiier tiiere was any 
problem m the eye position data at that time (e.g., blinks oi aberrant values). The occurrence 
Events can also be noted. Witii tiiis matrix it is easy to identify the data taken on one channel 
beginning at the onset of a fixation at a particular location in the disfday, or beginning at the point 
vAktrt the sulject pressed a button or the pupil size exceeded a particular value. Columns in this 
matrix are listed m Table 7. 

[Insert Table 7 about here«l 

Calibration Data Editor 

A fourth program is included in the software package that allows the eiqierimenter to examine the 
calibration values contained m a Data File. FWthennore, if it is found that a value is incorrect, then 
the program allows the e3q>erimenter to replace the original value with a new one. This is occasionally 
necessary when a value obtained in one calibration is very deviant from tiiose obtained during other 
calibrations in the same session* 

Using the C Language for Real-time Programming 

The C language that is available on the IBM-PC was not designed for use in real tijie data collection. 
In particular, it does not provide a method of respondaig to most mterrupts. Attempting to use it to 
respond dire<lly to interrupts can actually interfere with the prq>er execution of some of its standard 
commands. This fact created certain problems m developing tiie Data ^JoUection Program, particularly 
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the need for interrupt driven data collection and the need to respond quickly to the occunsnce of an 
Event This proUem was dealt with by developing an Input Channel Handler wrtten in assembly 
language. This routine receives commands from the C language program and in turn makes 
informaticm available to it that can be read upon request 

The Iiqmt Channel Handler receives instnicdons from the calling program concerning which channels 
to take data from, ^diether to read 8 16 Uts of data, the port addresses to be used, vdiere the data 
are found, the interrupt request line to respond to^ and the definitions of Events. When activated, the 
Handler then reqxmds to each mterrupt by sampling the data from each specified Input port and 
storing it m a buffer. Furthermore, as each sample is taken, that sample is tested against any Even! 
definition qiedfied far that channel If the test succeeds, then a bit is set m a status word to indicate 
that the Event occurred 

The C language program can read the 16-bit status word and a 16-bit error word generated by the 
Input Channel (bndler and can request values from the data buffer. For simply obtaining data, the 
program can request data from the Handler at its own convenience, so k>ng as this occurs frequently 
enough to avdd overrunning the buffer. However, to respond quickty to Events, it is necessary for the 
C language program to check the status flag frequently to see if an Event has occurred. Bywritingthe 
program so that it checks this status at least every msec, it can respond to an Event within 1 msec of its 
occurrence. 

Conclusion 

Monitoring eye behavior can play any of three different roles in research. First, it provides data for 
studying oculomotor control, perception, cognition, emotional re^pmse or arousal Second, eye 
behavior data can serve as a basis for analyaang simultaneously collected data, aUowing selection, 
elimination or groiq>ing of those data. Third, the eyes can be used to control aspects of the stimulus, 
such as by changing the display v^en the eyes are directed at a certam location or sounding a tone 
when the size of the pufHl exceeds a certain ^ue. 

The software package described above makes it possible to use an IBM or compatible personal 
computer to acquire and reduce eye behavior data for any of the three purposes just described. While 
developed spediScally for the Stoelting >^de Angle Eye Movement Tracker and TV Pi.oillometer 
System, it is designed to be compatible with a variety of different eye monitoring devices that sample at 
different rates and have different noise characteristics. The availability of this software should 
substantially reduce the time and cost involved in establishing the facilities to obtain eye behavior data, 
thus encouraging its use. One unique contribution of the software is the ability to simultaneously 
collect data of other types, such as other physiok)gical measures, button presses, or indications of 
changes taking place in the stimulus field. The second contribution is a general facility for detecting 
logically-defined Events m the data in real time. This capability can be used for maldng response- 
contingent stimulus changes, thou^ this currently requires making user-specific modifications to the 
existing software, llsese two characteristics open the door to new and innovative roles for eye 
monitoring in psychological research. 
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Number of data collection channels defined. 

For each channel (0-7): 
Channel title 
Address (I/G Port) 
Data width (8 or 16 bits) 
Read on interrupt (1 = enabled; 0 = disabled) 

Interrupt request line that is active. 

Type of display (Internal or External, vAcrt Internal is a display on the computer monitor). 

Number of calibratior locations. 

For each calibration location: 
X value in display space 

Y value in display space 

X location on computer screen 

Y location on computer screen 

Calibration threshold on X data. 

Calibration threshold on Y data. 

Display cobrs: 
Text color 
Background color 
Emphasized text color 

Type of subject interaction during calibration (Keyboard or Event). 

Type of subject interaction during data collection (Keyboard or Event). 
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Table 2 

Data Collection Program: Dot Commands in Display Control File 



•ep- end of page, 
•cb - calibrate. 

.nc - no collect (disable all data collection), 
.cd - collect data (enable data collection), 
.ac - activate a channel for data collection, 
.da - deactivate a channel so data no collected, 
.ed - event definition, 
.eu - event undefined. 
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Tables 

Data CoUectioii Program: Records in the Data File 



System Information Record: 2048bytes 



General Information! 128 bytes 

Re€ord type identifier 1 byte » 0 

Record size 4 bytes 

Program name 64 bytes 

Version number major Ibyte 

Version nmnben minor Ibj ^ 

Date/time 26 bytes 

Res^ved 31 bytes 

Subject Information: 128 bytes 

Subject name 64 bytes 

Subject ID number 2 bytes 

Subject condition code 1 byte 

Reserved 61 bytes 



File Information: 384 bytes 

Parameter Fde name 64 bytes 

Display Control File name 64 bytes 

Dispby condition code 1 byte 

Data File name 64 bytes 

Reserved 191 bytes 



narii (;||iinnftl Information: 768 bytes 

Number of channels (< - 8) 1 byte 

Channel 0 information 68 bytes 

Channel Tide 64 bytes 

I/O Port 2l^es 

Data widtii (8/16) Ibyte 
Read on iikccmipt 

flag(l«true) Ibyte 

Channel 1 information 68 bytes 

Channel 7 information 68 bytes 

Reserved 223 bytes 



Data Collection Information: 128 bytes 
Data collection rate 2 bytes 

(samples per second) 
Number of ASCII characters used 

to define page condition 1 l^e 

Reserved i2S bytes 



512 bytes 
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Table 3 (Continued) 



Calibration Record! 1024 bytes 

Record type identifier 
Size of record 

Number of calibratira pomts 
For each calibraticMi point: 

Vahie awigncd to X location 

Value assigned to Y locati<Mi 
For each calibraticHi: 

Preceding display number 
For eadi calibration point m 
each calibration: 

Obtained X value 

Obtained Y value 

Obtained Pupil size 
Status of next calibration 

(Osgood, l«aborte^ 
-1« nonexistent) 



Ibyte « 1 

2l^es 

ll^e 

2 bytes 
2l^es 

Ibyte 



2 bytes 
Ihyics 
Ihyics 



Event Record: 384bytes 

Record type identifier 1 byte = 3 

Record size 4 l^es 

Number of Events defined (< -4) 1 byte 
Definition oi Event 0 68 bytes 

Event title 64 bytes 

Channel number 1 byte 

Threshold value 2 bytes 

Logical condition 1 byte 

0 " equal 

1 « not equal 

2 - greater than 

3 » less than 

4 » bitwise AND 

5 - bitwise OR 

Definition of Event 1 68 bytes 

Definition of Event 2 68 t^tes 

Definition* of Event 3 68 l^es 



PataRcwrd: 

Record type identifier 
Record size 
Display number 
Channel mask (Channels on which 

data are collected) 
Page condition 

Data (per channel per sample) 



(length unspecified) 
Ibyte « 
4l^es 
ll^e 



Ibyte 
80 bytes 
2l^es 
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Table 4 

Gaze-OTii^nted Data Reduction Program: Definitions and Parameters 



Term or Parameter 
(Parameters are underlined) 



Definition 



X Channel: 

Y Channel: 
Gaze: 

Stable Period: 

Gaze Location: 

Gaze Duration: 
Transition Period: 

Transition Length: 
Transition Direction: 



Transition Duration: 
Local Gaze: 

Local Gaze Duration! 
Local Gaze Threshold X! 



The data channel that g^ves information about horizontal eye 
position. 

The data channel that gjves information about vertical eye position. 

The eye movement record is used to segment time into discrete 
periods, each termed a Gaze . Each Gaze begins when the eyes 
stabilize in a new position. 

The initial period of a Gaze, during ^ch the eyes are relatively 
stiU. 

The location in display space to v^ch the eyes are directed during 
a Stable Period. 

The number of samples included in a Stable Period. 

The final period of a Gaze, during ^ch the eyes move to a new 
location. 

The distance between the Gaze Locations that precede and follow 
the Transition Period, measured in units appropriate to the 
stimulus display. 

The angle oS the line connecting two successive Gaze Locations, 
measured in degrees, where zero deg is a horizontal line extending 
directly rightward from a Gaze Location, locations above that 
location have positive values, and locations below have negative 
values. 

The number of samples included in a Transition Period. 

A specified number of samples in which the maximum and 
minimum values on both the X and the Y channels differ by no 
more than the values defined as thresholds for those channels. 

The number samples in a Local Gaze. (S) 

The maximum difference that can exist among a set of X data 
values and still be considered a Local Gaze. (1) 
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Term or Parameter 

(Parameters are underlined) Definition 



^iWal fiaTC Threshold Y: The maximum difference that can exist among a set of Y data 

values and still be considered a Local Gaze. (1) 



Transition Data: 



Consistent Transition Data: 



Inconsistent Transition Data: 



Reduced Local Gaze: 



Reduced Local Gazg Duration! 
Aberrant Value: 



Aberrant Value Threshold: 
Transition Analysis: 

Minimum Gaze Duration: 



SuccesMve Gaze Thresholds 
X&Y: 



A striog ci data values that do not contain a region that satisfies 
the definiticm of a Local Gaze. Thus, a candidate for containing a 
Transition Period 

Transition Data values from one channel that change in only one 
direction. 

Transition Data values from one channel that both inaease and 
decrease. 

A specified number of samples, fewer than the Local Gaze 
Duration, that meet the Local Gaze Threshold Definition for a 
Local Gaze. The Reduced Local Gaze is used in Complex 
Transiticm Analyus. 

The number of samples in a Reduced Local Gaze. (3) 

A data value from either the X or Y channel that differs from both 
the preceding and foUoinang data values by at least a specified 
amount, and in the same direction. Thus, it is a local peak or 
valley m the data stream, and is assumed to represent noise rather 
than actual change in eye position. 

The threshold that defines an aberrant data value. (2) 

A procedure for examining Transition Data in order to determine 
whether or not a Transition Period casts. 

The minimum number of samples that can exist between the initial 
samples of two successive Load Gazes, without collapsing these 
into a sin^e Gaze. Notice that this parameter is used in dealing 
with the case of overlapping Local Gazes. (3) 

If the locations of two success gazes differ by less than the 
Successive Gaze Thresholds on both X and Y channels, they are 
cdlapsed into a sin^ Gaze. (1) 
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Term or Parameter 

(Parameters are underlined) Definition 



Complex Transition Period: 



Transition Duration Threshold: 



Complex Transition Analysis: 



Transitira Data that (a) contain more samples than specified by 
Transition Duration Threshdd, or (b) have fewer samples than 
this threshddy are inconsistent (see definition above), and ynih 
preceding and followiqg Gaze Locations that differ by more than 
the Successive Gaze Threshold. Transition Data not meeting 
dther criterion are dealt with in the normal Transition Analysis. 

A threshold used in determining ifrfiether a set of Transition Data 
constitutes a simple or complex tranation period. (3) 

A {HTOcedure for further analyzing a Cmiplex Transition Period to 
determine Aether it can be broken up into additional Gazes. This 
procedure uses the Reduced Local Gaze in its attempt to find 
Stable Periods. 



Note: Default values fos parameters used yfinih Stoelting Pupillometer are given in parentheses. 
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Tables 

GazeHiriented Data Reduction Program: Procedure 



Given: A Local Gaze has been identified 

A* Find the next series of data values that qualifies as a Local Gaze. 

1. If the new Local Gaze begins one data value after the beginning of the prior Local Gaze, 
extend the current Gaze to include new data pdnt GotoA. 

2. If the new Local Gaze begins no more than a MII4IMUM GAZE DURATION of values 
following the beginning of the prior Local Gaze, extend the current Gaze to include these 
data. Go to A. [Note: This indudes cases where Local Gazes overlap substantially but are 
net sequential, bdicating the possilrility of some movement during the gaze, but too little to 
identify as saccades.] 

3* Else, carry out Transition Analysis to exanune the Transition Data. 

a) If the difference between either the average X or Y data values fi-om the preceding and 
following stable periods exceeds the GAZE MOVEMENT THRESHOLD, then set the 
Movement Flag ^ TRUE else set it FALSE. [Set a flag if the eyes have changed 
location.] 

b) Set the Transition Duraticm Code to indicate the duration of the Transition Period. If 
Transition Duraticm (TD) > 0, then set Transiti(m Duration Code (TDQ » 0; if TD = 
1 then set TDC « l;ifTD is greater than 1 but less than the Transition Duration 
Threshold then set TDC » 2; if TD is greater than or equal to the Transition Duration 
Threshold then set TD » 3. 

c) if the Thmsition Data from either the X or the Y channel are Inconsistent, then set the 
Con^en<7 Flag » FALSE else set it TRUE. [Use a flag to indicate vtdiether or not 
the data show the eyes proceeding consistently in one direction.] 

d) If the Movement Flag « TRUE and the Consistency Flag « TRUE and the Transition 
Duration Code < 3 then classify this as a clean transition, close out the old Gaze, and 
go to A. [A short, consistent transition tkU takes the eyes to a new location is accepted 
as a saccadic movement.] 

e) If the Transition Duration Code > 3 or if the Movement Flag » TRUE and the 
Transition Duration Cocte 2 and the Consisteni^ Flag » FALSE then go to 4 and 
carry out Complex Transition Analysis. [If this is a long transition or if the direction of 
movement is not ccmsistent, it needs additional analysis.] 

f) If the Transition Duration Code < 3 and the Movement Flag > FALSE and the 
Consistenqr Flag « FALSE, then mark all Aberrant Values, combine the preceding 
and foltowing Stable Periods into mie Gaze, and go to A. [If this is a period ctf 
inccMisistent mofvement with the eyes ending up in the same place, conclude that it is 
just a period of noise and include it as part of the gaze.] 
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Table 5 (Continued) 

g) If the Transitkm Duration Code < 3 and the Movement Flag » FALSE and the 
Consistency Flag « TRUE, then combme the preceding and following Stable Periods 
into one Gaze» and go to A« [This is a condition in yAadi there is a period of consistent 
movement that leaves the eyes in the same location. It is included for completeness, 
but should not normal^ occur.] 

h) If the Transition Duratira Code < 3 and the Movement Flag » TRUEai^dthe 
Consistency Flag * FALSE, thra mark the Aberrant Values. If an Aberrant V&lue is 
adjaant to a Stable Period, then job it to that Period, removing it from the Transition 
Period The remainmg Transition Period is accepted as a legitimate tran&tion. Goto 
A. [If the eyes have moved, but the transition period is noisy, extend the Stable Period 
if possiUe and accept the transition.] 

B. Carry out Complex Transition Analysis: 

1. Mark all Aberrant Values in Transition Data. Consider them to be equal to their bounding 
values, and reapply Transition Analysis. If this eliminates all Transition Data, go to A. [The 
transitic a was apparently just an extended noisy period.] 

2. Else use Reduced Local Gaze definition and reapply Transition Analyius to remaining 
Transition Data. Indicate in the Problem FU^wlien data show unusual characteristics. Go 
to A. [This call will find shwter stable periods or periods during v^ch there is more drift or 
movement, but ^n^iich do not show the characteristics o( saccadic movements. Thus, it has 
the capability of decomposing a long string of Transition Data into additional gazes.] 
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Table 6 

Gaze-oriented Data Reduction Program: Data Matrix 



CoL Bytes Contents 



!• 4 Subject number 

2. 2 Subject condition code 

3. 3 Display number 

4. As defined Display condition code 

5. 3 Gaze number on display 

6. 6 Eye portion 00 disfday: X 

7. 6 Eye position on disi^y: Y 

8. 3 Percent of values that are non-aberrant: X 

9. 3 ' Percent of values that are non-aberrant: Y 
10. 5 Distance from prior Gaze 

11* 6 Direction from prior Gaze (degrees) 

12. 5 Distance to following Gaze 

13. 6 Direction to follomng Gaze (degrees) 

14. 4 Total number of samples in Gaze 

15. 4 Number of Samples in stable part of Gaze 

16. 7 Problem Flag 

17. 5 Sample number of first samfrie m Gaze 

18. 4 Number of aberrant samples 

19. 5 Average X value in Gaze 

20. 5 Average Y value in Gaze 

21. 4 Change in X during Gaze 

22. 4 Change in Y during Gaze 

For each Event, when it occurs: 

EL 2 Event number 

E2. 4 Time since beginning of Gaze 

E3. 5 Time since beginning of Display 

For each Data Channel other than X and Y Eye Position: 

Dl. 5 Mean data value during Gaze 

D2. 4 Maximum data value during Gaze 

D3. 4 Minimum data value during Gaze 

D4. 4 Mode data value during Gaze 

D5. 5 Slope of data during Gaze 
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Table? 

Stream Data Reduction Program: Data Matrix 



Col 


Bytes 


Contents 


1. 


4 


t3IU/|VVl UlUIlUCf 


2. 


2 


Subject condition code 


3. 


3 


Display number 


4. 


As defined 


Display condition code 


5. 


5 


Data sample number 




For Each Channel (0-7): 




CI. 


5 


Channel data value 




Gaze Information: 




Gl. 


3 


KJOdJG UUuiUpf UU UlaUloY 


G2. 


6 


Eye position on display: X 


G3. 


6 


TV>citinfi nn /licnlnv* V 
innMiiuu UU uioputy. i 


G4. 


4 


Total number of samples in Gaze 


G5. 


4 


Number of samfries in stable part of Gaze 


G6. 


4 


Sample number in the Gaze 


07. 


7 


Problem flag for Gaze 


u8. 


4 


Percent of samfdes that are aberrant 


G9. 


3 


Blink flag 


GIO. 


2 


Aberrant value flag: X 


Gil. 


2 


Aberrant value flag: Y 




For Each Defined Event (0-3): 




El. 


2 


Event type 


E2. 


4 


Number of samples since Gaze be^nning 


E3. 


5 


Number of samples since display begbning 
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